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$K_{\infty}$ $\Phi^{\mathrm{I}\Xi}$ pro-p Galois $\text{ ^{}\backslash }$ $X_{K_{\infty}}$










(\S 3, 8 5 )
1 Results
$k$ $K$ CM $K/k$
$\chi$ Gal(K/k) $\chi$
$K/k$ $p$ $[K:k]$




$\mathrm{Z}_{p}$ K pro-p Galois
$X_{K_{\infty}}$ $\chi$
$X_{K_{\infty}}^{\chi}$ ( $O_{\chi}$ $\sigma\in \mathrm{G}\mathrm{a}1(K/k)$ $\chi(\sigma)$
$\mathrm{Z}_{p}[\mathrm{G}\mathrm{a}1(K/k)]$ $X_{K_{\infty}}^{\chi}=X_{K_{\infty}}\otimes_{\mathrm{Z}_{p}[\mathrm{G}\mathrm{a}1(K/k)]}O_{\chi}$
) $X_{K_{\infty}}^{\chi}$ $O_{\chi}[[\mathrm{G}\mathrm{a}1(K_{\infty}/K)]]$ $\Lambda=O_{\chi}[[\mathrm{G}\mathrm{a}1(K_{\infty}/K)]]$
$X_{K_{\infty}}^{\chi}$ $O_{\chi}$ (Iwasawa
) A $\mathrm{A}^{n}arrow X_{K_{\infty}}^{\chi}$
$n$ A
$\mathrm{o}-\Lambda^{n}arrow f$ \Lambda n\rightarrow XK $arrow 0$








) $k=\mathrm{Q}$ $\theta_{F}$ Stickelberger element
$\zeta_{k}(\sigma, \mathrm{O})\in \mathrm{Q}$
$\theta_{F}\in \mathrm{Q}[\mathrm{G}\mathrm{a}1(F/k)]$
$K$ $F$ $K$ $F/K$ $p$




$\theta_{F}^{\chi}$ $\chi$ Teichm\"uuer {
$\theta_{F}^{\chi}\in O_{\chi}[\mathrm{G}\mathrm{a}1(F/K)]$
$($Deligne $\mathrm{R}\mathrm{i}\mathrm{b}\mathrm{e}\mathrm{t})_{\text{ }}$




$O_{\chi}[[\mathrm{G}\mathrm{a}1(F_{\infty}/K)]]$ \not\in $F=K$ $\theta_{K_{\infty}}^{\chi}\in\Lambda$
$\grave{\backslash }\not\in^{\text{ }}$B,e\mu ‘ $\theta_{K_{\infty}}^{\chi}$ $L\text{ }\backslash \text{ ^{}\prime}L_{k}(s, \chi)\text{ };\mathrm{g}$






$R^{m}arrow R^{n}farrow M-arrow 0$
218
$M$ $r$ Fitting $\mathrm{F}\mathrm{i}\mathrm{t}\mathrm{t}_{r,R}(M)$ $f$
$A_{f}$ $n-r$ $R$






$0$ $\mathrm{F}\mathrm{i}\mathrm{t}\mathrm{t}_{r,\Lambda}(X_{K_{\infty}}^{\chi})$ $p$ $L$ $\theta_{F_{\infty}}^{\chi}$
$N$ $S$ $F$
$F$ $K$ $[F:K]$ $p$ $F\cap K_{\infty}=K$
Gal(F/K) $\simeq \mathrm{Z}/p^{n_{1}}\mathrm{x}\ldots\rangle \mathrm{e}\mathrm{Z}/p^{n_{t}}$ $n_{1},\ldots,n_{t}\geq N$




$\simeq\Lambda[S_{1}, \ldots, S_{t}]/((1+S_{1})^{p^{n_{1}}}-1, \ldots(71+S_{t})^{p^{n_{2}}}-1)$
$\theta_{F\infty}^{\chi}=\sum_{i_{1},\ldots,i_{t}\geq 0}\delta_{i_{1\}}i_{t}},\ldots S_{1}^{i_{1}}\ldots S_{t^{4}}^{i}$
$(\delta_{i_{1},\ldots,i_{\ell}}\in\Lambda)$
$F\in \mathrm{S}$
$\{\delta_{i_{1},\ldots,i_{t}}|\mathrm{i}_{1}+\ldots+\mathrm{i}_{t}\leq r_{?}\mathrm{i}_{1}<p, \ldots, \mathrm{i}_{t}<p\}$
$\Lambda/p^{N}$
$\Theta_{r}^{(N)}$ ( $\theta_{F_{\infty}}^{\chi}$
well $\mathrm{d}\mathrm{e}\mathrm{f}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{d})_{\text{ }}$ A $\Theta_{r,K_{\infty}}$
$\Theta_{r,K_{\infty}}=\lim_{arrow}\Theta_{r}^{(N)}$ $r=0$ $\Theta_{0,R_{\infty}’}=(\theta_{K\infty}^{\chi})$
$\text{ }$ $p$






$k=\mathrm{Q}$ $\mu=0$ Ferrero Washington
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Theorem 11 $r\geq 0$ $\mathrm{F}\mathrm{i}\mathrm{t}\mathrm{t}_{\mathrm{r},\mathrm{A}}(X_{K}^{\chi}\sim=\Theta_{r,K_{\infty}}$















$($cf. [1] $\S 8)_{\text{ }}$
Wiles $[F : K]$ $1_{\sqrt}\backslash$
$([1])_{0}$
$\mathrm{F}\mathrm{i}\mathrm{t}\mathrm{t}_{r,\Lambda}(X_{K_{\infty}}^{\chi})\subset\Theta_{r,K}\infty$
$K_{m}$ $[K_{m} : K]=p^{m}$




XK $c_{1},\ldots,c_{n}$ ffi7JI $\oplus_{\dot{\mathrm{z}}=1}^{n}\Lambda e_{i}$ $e_{i}\vdasharrow c_{i}$
$\oplus_{i=1}^{n}\Lambda e_{i}arrow X_{K_{\infty}}^{\chi}$
$n$ A $\oplus_{i=1}^{n}\Lambda f_{i}$
$\oplus_{i=1}^{n}\Lambda f_{i}[]\oplus_{i=1}^{n}\mathrm{A}\mathrm{e}_{1}$
$A$




$X_{K_{\infty}}^{\chi}arrow A_{K_{m}}^{\chi}=A_{L}^{\chi}$ $c_{i}$ $\text{ }$
$\text{ }$
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$\mathcal{K}^{\chi}-D^{\chi}arrow A_{L}^{\chi}arrow 0$ $\chi$ Teichm\"uller
$\mathcal{K}^{\chi}arrow D^{\chi}$
$0arrow \mathcal{K}^{\chi}arrow D^{\chi}-A_{L}^{\chi}arrow 0$






















3) $\mathrm{i}_{1},\ldots,\mathrm{i}_{T}$ $\mathrm{i}(1\leq \mathrm{i}\leq n)$ $\psi_{i}(\mathrm{d}\mathrm{i}\mathrm{v}(x_{r}))=0$
4) $\psi_{i_{r}}(\mathrm{d}\mathrm{i}\mathrm{v}(x_{r}))=\pm\det B_{r-1}$
1), 3)
$\det B_{r-1}\varphi_{j_{r}}(x_{r})=\pm\det B_{r}\psi_{i_{r}}(\mathrm{d}\tilde{[perp]}.\mathrm{v}(x_{r}))$ $(\det B_{r-1}$









Mazur Rubin Kolyvagin system ([3])
Mazur Rubin I!




$c_{v}=\mathrm{o}\mathrm{r}\mathrm{d}_{p}(N(v)-1)$ ($N(v)$ $v$ 0r\breve $p$ )
$c_{v}\geq N$ $p^{c_{v}}$ $k(v)/k$ $v$ $v$
$v$





$v$ $k(v)$ ( ) $v$ $k_{v},$ $k(v)_{v}$
$k$ $v$ $k(v)$ $v$
$G_{v}=$
Gal(k(v)/k) $=\mathrm{G}\mathrm{a}1(k(v)_{v}/k_{v})$ $H_{f}^{1}$ $k_{v}^{\mathrm{x}}/(k_{v}^{\mathrm{x}})^{p^{\mathrm{c}_{v}}}$
$k_{v}$
$\text{ ^{}\backslash }$
$\mathit{0}_{k_{v}}^{\mathrm{x}}$ g$ffi^{\backslash }$ $H_{t}^{1}$
$\phi_{v}$ : $k_{v}^{\mathrm{x}}/(k_{v}^{\mathrm{x}})^{p^{N}}$ $\vec{\prime}\mathrm{G}\mathrm{a}1(k(v)_{v}/k_{v})=G_{v}$
$k_{v}^{\mathrm{x}}/(k_{v}^{\mathrm{x}})^{p}"=H_{f}^{1}\oplus H_{t}^{1}$
$H_{f}^{1}$ \supset
$\partial_{v}$ : $k_{v}^{\mathrm{x}}/(k_{v}^{\mathrm{X}})^{p^{c_{v}}}arrow \mathrm{Z}/p^{\mathrm{c}_{v}}$
2 $\phi_{v},$ $\partial_{v}$
$H_{f}^{1},$ $H_{t}^{1}$ t Galois
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$M$ $H^{1}(k_{v}, M)$ Selmer






$\prime p_{L}$ $\prime \mathcal{R}_{L}=\mathrm{Z}_{\mathrm{p}}$ [Gal(L/k)] $v\in P_{L}$ $v$
$L$ $w$ $L_{w}=k_{v}$ $w$ $v$
\phi






$N$ $P_{L}$ square free product $\mathrm{n}\in N$
$G_{\mathrm{n}}=\otimes_{v|\mathfrak{n}}G_{v}\text{ }$
$(\kappa_{\mathfrak{n}})(\mathfrak{n}\in N)$ Kolyvagin
system $\kappa_{\mathfrak{n}}\in L^{\mathrm{x}}\otimes G_{11}$
I) $\partial_{v}(\kappa_{\mathfrak{n}})=0$ for all $v\parallel \mathfrak{n}_{7}$
$\mathrm{I}\mathrm{I})\phi_{v}(\kappa_{\mathfrak{n}})=0$ for all $v|\mathfrak{n}$ ,
III) $\partial_{v}(\kappa_{\mathrm{n}})=-\phi_{v}(\kappa_{\mathfrak{n}/v})$ for all $v|\mathrm{n}$
1) III) $\partial_{v},$ $\phi_{v}$ $\partial_{v}$ :
$L^{\mathrm{x}}\otimes G_{\mathrm{n}}arrow \mathcal{R}_{L}\otimes G_{\mathfrak{n}7}\phi_{v}$ : $L^{\mathrm{X}}\otimes G_{\mathfrak{n}/v}arrow \mathcal{R}_{L}\otimes G_{\mathfrak{n}}$ $\mathrm{I}\mathrm{I}$) $\phi_{v}$
$\phi_{v}$ : $L^{\mathrm{x}}\otimes G_{\mathrm{n}}arrow \mathcal{R}_{L}\otimes G_{\mathfrak{n}v}$ $[L:k]$ $p$ –
Euler system Kolyvagin system $\mathrm{t}_{/}\mathrm{a}$
$\mathrm{I}\mathrm{I}$) $([3])_{\text{ }}$





Gauss Euler system ( $\chi$
Brumer cf. $[2])_{\text{ }}$





Kolyvagin system ( ) Kolyvagin system
\S 2 $R_{L}=O_{\chi}[\mathrm{G}\mathrm{a}1(L/K)]$ $\mathfrak{n}=v_{1}\cdot\ldots\cdot v_{t}$
$F$ $L$ $k(v_{1}),\ldots,k(v_{t})$ $G_{v_{i}}$ $\sigma_{i}$
$1+S_{i}$ \S 1 $O_{\chi}[\mathrm{G}\mathrm{a}1(F/L)]\simeq$
$R_{L}[S_{1}, \ldots, S_{t}]/((1+S_{1})^{p^{\mathrm{c}_{v_{1}}}}-1, \ldots, (1+S_{1})^{p^{a_{v_{t}}}}-1)$ $\theta_{F}^{\chi}$
$S_{i}$ $S_{1}\cdot\ldots\cdot S_{t}$ $\delta_{1,\ldots,1}\in R_{L}$
$\delta_{\mathrm{n}}=(-1)^{t}\delta_{1,\ldots,1}\otimes\sigma_{1}\otimes\ldots\otimes\sigma_{t}\in R_{L}\otimes G_{\mathfrak{n}}$
\kappa n,I\in Lx/(Lx)pN\otimes G $(\kappa_{\mathrm{n},\mathrm{I}})(\mathfrak{n}[\in N)$
( $\mathrm{n}$ [ $N$ (
) )
1) $\partial_{v}(\kappa_{\mathfrak{n},\mathrm{t}})=0$ for all $v \int \mathrm{n}1$ ,
$\mathrm{I}\mathrm{I})\phi_{v}(\kappa_{\mathfrak{n},\iota})=0$ for all $v|\mathfrak{n}$ ,











$\backslash \mathit{1}^{\backslash }\yen \text{ ^{}1}$ (Gauss Euler system )
$\mathrm{m}\mathrm{o}\mathrm{d} p^{N}$
$\mathrm{m}\mathrm{o}\mathrm{d} p^{N}$
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